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POTATO LEAFHOPPER-RESISTANT ALFALFA: YIELD ADVANTAGES AND 
NEW PEST MANAGEMENT GUIDELINES 
Stephen A Lefko, Larry P. Pedigo, Marlin E. Rice 
Iowa State University, Department of Entomology 
In 1997 several companies released new potato leafhopper-resistant alfalfa varieties . These 
products are not genetically engineered, like Bt com, but have had leafhopper resistance bred into them 
using classical plant breeding techniques. Our research is focusing on the yield advantages of these 
products, the mechanism(s) of resistance and its effect on the pest and natural enemy community, and the 
potential changes in insect pest management that will accompany their use . 
Alfalfa serves as host to an abundance of pest species. One of these, the potato leafhopper, is 
considered the primary insect pest of alfalfa in Iowa. This pest feeds by sucking plant fluids through its 
straw-like mouthparts. This type of feeding causes serious injury to alfalfa and is difficult to observe 
until later in the season when plant symptoms become visible. Leafhopper feeding deprives the plant of 
nutrients and creates wounds where disease can enter. However, the most important effect results from a 
small amount of saliva that is left in the plant wound. Leafhopper saliva causes plant cells to harden, 
which restricts the flow of nutrients throughout the plant. 
The two most serious types of leafhopper injury are leaf yellowing, or hopperbum, and stunting 
of stems. Yell ow leaves are starved of nutrients and have a lower protein content and feed value than 
healthy green leaves. Stunting is the shortening of stems and is most easily estimated by measuring the 
average distance between nodes on several stems. Both of these types of injury are important, however 
yield loss (tons/acre) is most highly correlated with stunting. Stunting of alfalfa stems occurs over the 
duration of a cutting and begins before leaf yellowing is apparent. Therefore, scouting for economic 
leafhopper densities before symptoms ofhopperbum appear is imperative in optimizing alfalfa 
production. 
Objectives of the research reported here are to: 1) determine the effects of resistance on pests and 
beneficial insects in the alfalfa ecosystem; 2) evaluate the resistance mechanism(s) in leafhopper-resistant 
alfalfa and; 3) develop comprehensive economic thresholds for potato leafhopper in a several leafhopper-
resistant varieties of alfalfa. This research is ongoing and the preliminary results reported below are 
based on studies conducted in 1996 and 1997. 
Yield Advantages of Leatbopper Resistant Alfalfa 
Studies of alfalfa yield and response to insect injury were performed using susceptible and new 
leafhopper-resistant alfalfa varieties. Field plots consisting of four resistant varieties and one susceptible 
were planted in 1996. Plots measured 7.6-m2, and each variety was replicated four times in a randomized 
complete block design. This plot design was planted in Ames and Chariton, IA. Resistant varieties 
include ABI AmeriGuard 301, Pioneer 5347LH, CENEX Trailblazer, and an experimental variety that 
will not be commercialized. Performances of resistant varieties were compared with Garst 645, a high 
yielding susceptible alfalfa variety. Areas between plots were planted to a susceptible alfalfa variety. 
Comparisons of alfalfa yield were made using 0.5-row/meter samples of alfalfa taken at approximately 
the 1/IOth_bloom stage. These values are for comparative purposes and can not be accurately converted 
to tons/acre. 
Two years of yield comparisons indicate significant yield advantages from leafhopper resistant-
alfalfa when leafhopper populations are moderate to high (Fig. 1 ), and little advantage when populations 
are low (Fig. 2). In Ames, lA potato leafhopper populations were high during all harvest intervals except 
the 8/28/96 and 5/22/97 harvest dates (Fig. 1 ). In Chariton, lA, leafhopper populations were moderate or 
high during the 7/10/96, and 5/29/97 harvest intervals, and low during all other harvest intervals (Fig. 2). 
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These results suggest that resistant alfalfa varieties performed as well or better when populations were 
high, and as well or worse when leafhopper pressure was low. These data are not confounded by pest 
density, as all alfalfa varieties had equal leafhopper densities during periods of regrowth. This is contrary 
to expectations that leafhoppers would be less dense in the resistant varieties. 
1996 & 1997 Alfalfa Yields (Ames, lA) 
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Figure 1. Yield advantages from leafhopper-resistant alfalfa under moderate to high leafhopper 
pressure. Average leafhopper densities during regrowth intervals are given above the graph. 
1996 & 1997 Alfalfa Yields (Chariton, lA) 
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Figure 2. Estimates of alfalfa yield under low to moderate leafhopper pressure. Average 
leafhopper densities during regrowth intervals are given above the graph. 
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Yield advantages of leafhopper-resistant 
alfalfa can be attributed to reduced hopperbum and 
stunting. Measures of hopperburn and stunting 
were made in all varieties. These measures of 
insect injury did not differ among varieties under 
no leafhopper pressure (Fig. 3. first cutting). These 
same measurements were taken during the third 
cutting of 1997 when leafhopper pressure was 
exceptionally high. During this interval, the 
susceptible variety showed high levels of 
hopperburn, which resulted in greatly reduced 
internodal distance (high level of stunting) (Fig. 3. 
third cutting). Resistant varieties showed small 
increases in hopperburn but did not show reduced 
internodal distance (Fig. 3. third cutting). 
Therefore, leafhopper-resistant varieties are able to 
resist hopperburn and stunting caused by potato 
leafhopper compared to susceptible varieties. 
Mechanism of Resistance 
Until recently we believed that glandular 
hairs on the stems and leaves of resistant alfalfa 
were the primary mechanism of resistance to potato 
leafhopper. Additionally, we believed that these 
hairs trapped leafhoppers, effectively killing them, 
or kept them from eating and laying eggs. 
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Therefore, our expectations were that leafhoppers Figure 3. Yield advantages result from the ability 
were less likely to survive on resistant alfalfa, and to resist stunting caused by the potato leafhopper. 
leafhopper densities in resistant stands likely would 
be lower than in the susceptible stands. Field and lab studies conducted in 1996 and 1997 have shown 
that most of our expectations were wrong. 
Our research on the mechanism(s) of resistance continues, but at this point we have strong 
experimental evidence to support the following statements. 
I . The mechanism of resistance does not cause a change in the alfalfa insect-community. The 
density of adult potato leafhoppers may be as great in resistant stands of alfalfa as 
susceptible. Therefore, smaller pest or natural enemy populations should not be expected in 
plantings of resistant alfalfa. However, resistant alfalfa can tolerate leafhopper feeding and 
result in higher yields compared to susceptible alfalfa under moderate to high pressure. 
2. There is no reduction in the amount of leafhopper feeding or the ability to produce offspring 
when the insects are forced to survive on resistant alfalfa. Therefore, leafhopper-resistant 
alfalfa can not be expected to kill potato leafhoppers. 
3. Glandular hairs may be involved in alfalfa resistance, however, they are not positively 
correlated to our estimates of alfalfa resistance. Therefore, we believe that glandular hairs 
are not the primary mechanism of resistance, and that another mechanism(s) exists. 
4. The degree of leafhopper resistance increases greatly over the first few cuttings. The first 
cutting during the seeding-year is least resistant to potato leafhopper feeding and may require 
an application of insecticide. 
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This research strongly supports tolerance as the primary category of resistance. A tolerant plant 
will support a pest population as well as a susceptible plant. However, yield loss due to a particular pest 
will be less in the tolerant plant than the susceptible. 
Changes in Leafhopper Management 
A useful procedure for making economically sound insect-pest-management decisions in alfalfa 
is pest scouting and the use of economic-threshold decision rules. Iowa State University Extension 
recommends scouting leafhoppers by sweeping the alfalfa canopy with a muslin net. Adult leafhoppers 
can be counted after I 0 sweeps and compared to stated economic thresholds. An application of 
insecticide is warranted if the number ofleafhoppers recovered per 10 sweeps exceeds the economic 
threshold. The economic threshold for alfalfa less than 10 inches is the height of the canopy divided by 
10 (for instance, 0.5 leafhoppers per 10 sweeps for alfalfa 5 inches high). The threshold for alfalfa 10-12 
inches tall is I 0 adults per 10 sweeps, and 20 adults per 10 sweeps for alfalfa taller than 12 inches. This 
1 0-sweep sample should be repeated in different areas of the field to increase confidence in estimates of 
pest density. These thresholds are useful, however, do not take into consideration the variable cost of 
treatment or value of the crop. 
We have calculated economic thresholds for one susceptible and three commercial resistant 
alfalfa varieties. Thresholds for leafhopper-resistant alfalfa are much higher than thresholds for 
susceptible alfalfa. High thresholds for resistant alfalfa reflect its ability to tolerate leafhopper feeding. 
Estimates of population density are less likely to reach high thresholds. Therefore, pest-scouting results 
will more often lead to the decision not to apply an insecticide. Additionally, using thresholds developed 
for susceptible varieties in leafhopper-resistant plantings will likely result in unnecessary insecticide 
applications. It is imperative that alfalfa producers be supplied the correct set of decision rules depending 
on the type of alfalfa being produced. 
Below are economic thresholds for one susceptible and three resistant varieties of commercially 
available alfalfa. These thresholds were calculated from experiments conducted on seeding-year second-
cutting stands of alfalfa. Thresholds are different among resistant varieties because the level of resistance 
differs. These thresholds are for use with the sweepnet technique described above, and represent the 
number of adults per 10 sweeps. These thresholds are probably lower for seeding-year first-cutting and 
higher for cuttings after the second cutting of the seeding year. 
Economic Thresholds for Potato leafhopper in Alfalfa(# adults/10 sweeps) 
Garst, 645(susceptible) 
$ Cost of Treatment/acre 
Alfalfa 8 10 12 14 16 
$Value/ton 
90 5 7 8 9 11 
100 5 6 7 8 10 
110 4 5 7 8 9 
120 4 5 6 7 8 
130 4 5 6 6 7 
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Pioneer, 5347LH (resistant) 
$ Cost of Treatment/acre 
Alfalfa 8 10 12 14 16 
$Value/ton 
90 27 33 39 45 51 
100 25 30 36 41 46 
110 23 28 33 38 42 
120 22 26 30 35 39 
130 20 24 28 32 36 
CENEX, Trailblazer (resistant) 
$ Cost of Treatment/acre 
Alfalfa 8 10 12 14 16 
$Value/ton 
90 23 27 32 41 37 
100 21 25 29 33 33 
110 20 23 27 31 31 
120 18 22 25 29 29 
130 17 20 24 27 27 
Our studies indicated yield losses too low to calculate economic thresholds for AmeriGuard 301, 
a resistant variety. A conservative economic threshold is 35 leatboppers per I 0 sweeps, the highest level 
of infestation used in our experiments. 
Conclusion 
Potato leatbopper-resistant alfalfa varieties show significant yield advantages compared to 
susceptible alfalfa under moderate to high leatbopper population densities. Additionally, the mechanism 
of resistance does not appear to displace the insect-pest or natural enemy community. Tolerance best 
describes the category of leatbopper resistance in these new varieties. Therefore, the insect community, 
including pests and natural enemies, in leatbopper-resistant alfalfa will not greatly differ from plantings 
of susceptible alfalfa. These preliminary results show no indication that plantings of susceptible alfalfa 
varieties will become a sink for pests, especially potato leatbopper, in an area where resistant alfalfa has 
been widely planted. 
The level of leatbopper resistance is variable among alfalfa varieties included in this study. 
Additionally, varieties with improved resistance will be available in the next few years. Because of this 
variability, variety-specific economic thresholds may prove useful for optimizing alfalfa production. 
Furthennore, variety-specific thresholds, in addition to yield expectations, may be useful in choosing an 
optimal variety for an area where leatboppers are a problem. These varieties, and future improvements, 
will greatly increase the quantity and quality of alfalfa produced in areas where potato leatbopper is a 
recurring pest. 
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